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ABSTRACT 
 
 
This project is about the development of Active Sway Control of a Two-
Dimensional Gantry Crane (2D – Gantry Crane) System using Linear Quadratic 
Regulator (LQR) controller.  This project analyzes on how to reduce the sway angle 
of the rode when it is released from certain position.  This system is a 2D system 
because the rode’s movement is only along the x and y axes.  The 2D Gantry Crane 
system consists of several elements such as the cart, rode, actuator, payload and 
controller.   The movement of the cart will cause the swaying motion of the rode 
because the speed of the cart is directly proportional with the sway angle of the rode.  
If the speed of the cart is increased, the sway angle also increases.  The swaying 
motion will decrease the efficiency of the crane system.  In order to increase the 
efficiency of the crane system, the crane will need an efficient controller to reduce 
the sway angle.  The rode of the gantry crane will be controlled by using LQR 
controller.  LQR is derived by a set of linear differential equation and the cost is 
described by a quadratic functional.  The main objective of LQR controller is to 
obtain the best performance of dynamic system at the minimum cost.  Performance 
of the system focuses on the sway angle caused by the rode’s movement and the 
Power Spectral Density (PSD) of the sway angle response.  
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ABSTRAK 
 
 
Projek ini bertujuan menghasilkan kawalan ayunan dari kren gantri dua-
dimensi (2D – kren gantri) menggunakan pengawal Linear Quadratic Regulator 
(LQR).  Projek ini menganalisis tentang bagaimana mengurangkan sudut ayunan 
batang pemegang dan beban ketika dilepaskan dari kedudukan yang tertentu.  Sistem 
ini adalah sistem 2D kerana pergerakan batang beban adalah sepanjang paksi x dan y 
sahaja.  Sistem kren gantri 2D ini terdiri daripada beberapa elemen seperti batang, 
pemegang, troli dan beban.  Gerakan troli akan menyebabkan gerakan ayunan batang 
pemegang kerana kelajuan troli adalah berkadar terus dengan sudut ayunan batang 
pemegang.  Jika kelajuan troli bertambah, sudut ayunan juga meningkat. Gerakan 
ayunan akan mengurangkan kecekapan sistem kren.  Bagi meningkatkan kecekapan 
sistem kren, kren memerlukan pengawal yang cekap supaya dapat mengurangkan 
sudut ayunan.  Batang pemegang kren akan dikawal menggunakan pengawal LQR.  
LQR diterbitkan oleh satu persamaan linear dan kos diwakili oleh fungsi kuadratik.  
Objektif utama pengawal LQR  ialah bagi mengenal pasti prestasi sistem dinamik 
pada kos yang minima.  Prestasi sistem ditentukan berdasarkan sudut ayunan yang 
terhasil disebabkan pergerakan batang pemegang kren dan Power Spectral Density 
(PSD) respon sudut ayunan. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION  
 
 
 
 
 In our environment, there is a necessity to transfer objects such as machine, 
cargo, mechanical components and equipments from one place to another, whether there 
are far or not.  In the workplace, for example, at construction or industrial sites, ports, 
railway yards and other similar locations, special equipment is needed to transport the 
materials.  These materials are usually heavy, large and hazardous, thus cannot be 
handling by workers.  In order to make the work easier, cranes have been used to lift, 
move, position or place machinery, equipment and other large objects. [6] 
 
Cranes are widely used for transportation of heavy material in factories, 
warehouse, shipping yards, building construction and nuclear facilities.  In order to lift 
heavy payloads in factories, in building construction, on ships and elsewhere, cranes 
usually have very strong structures. 
 
 Crane system tends to be highly flexible in nature, generally responding to 
commanded motion with oscillations of the payload and hook.  The response of this 
system to external disturbances such as wind is also oscillatory in nature.  The swaying 
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phenomenon leads to not only lack in efficiency of the crane, but also cause safety 
problem in a complicated working environment. 
 
 Previously, all cranes were manually operated.  But manual operation became 
difficult when cranes became larger, faster and higher.  Due to this, efficient controllers 
are applied into the cranes system to guarantee fast turn over time and to meet safety 
requirement [3]. 
 
 
 
 
1.1      TYPE OF CRANE 
 
 
 A crane consists of a hoisting mechanism such as hook and a support mechanism 
such as trolley girder.  The hoisting mechanism has two main functions.  It deposits the 
payload at the target destination and avoids the obstacle in the path by lifting and 
lowering the payload.  The function of the support mechanism is to move the suspension 
point around the crane workspace [3]. 
 
 There are many types of crane that been used for these purposes, such as tower 
crane, overhead crane, boom crane, gantry crane and others[6]. Crane can be classified 
based on the degree of freedom which the support mechanism offers the suspension 
point.  There are 3 major types of crane system: 
 
(a) Gantry (overhead) crane 
(b) Rotary (tower) crane 
(c) Boom crane 
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1.2 GANTRY CRANE 
 
 
A gantry crane is composed of a trolley moving in a girder along a single axis.  
In some gantry crane, the girder is mounted on the second set of orthogonal railings, 
adding another degree of freedom of the horizontal plane.  Gantry crane is commonly 
used in factories, Figure 1.1[3]. 
 
 
 
 
Figure 1.1: Gantry Crane 
 
 
 
 
1.3 TOWER CRANE 
 
 
Tower crane is commonly used in construction as shown in figure 1.2.  The 
girder rotates in the horizontal plane about a fixed vertical axis.  The trolley that holds 
the load can move in radial position over the girder.  The load is attached to the trolley 
by using a set of cables. 
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Figure 1.2: Rotary or Tower Crane 
 
 
 
 
1.4 BOOM CRANE  
 
 
For the boom crane, a boom is attached to a rotating base.  The rotational 
movement of the base along with the elevation movement of the boom places the boom 
tip over any point in the horizontal plane.  The load hangs from the tip of the boom by a 
set of cables and pulleys.  The radial and vertical positions of the load can be changed by 
manipulating the elevation angle of the boom.  Boom cranes are very common on ships 
and in the harbors.  Figure 1.3 shows the example of a boom crane. 
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Figure 1.3: Boom Crane 
 
  
 
 
1.5 GANTRY CRANE  
 
 
There are three main components in a gantry crane which are trolley, bridge and 
gantry.  Figure 1.4 shows a typical gantry crane normally available at ports.  Trolley 
with a movable or fixed hoisting mechanism is the load lifting component.  It moves on 
and parallel to a bridge which is rigidly affixed to a supporting structure called gantry.  
The gantry extends downward from the bridge to the ground where it can be mobilized 
on wheels or set of tracks.  The motion of the gantry on the ground, the trolley on the 
bridge and the hoisting of the payload provide the 3 degrees of freedom of the payload. 
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Figure 1.4: Industrial Gantry Crane 
 
 
 
This type of system tends to be highly flexible in nature, generally responding to 
commanded motion with oscillations of the payload and hook.  The response of these 
systems to external disturbances, such as wind, is also oscillatory in nature.  The 
swaying phenomenon introduces not only less in efficiency of the crane, but also cause 
safety problem in the complicated working environment. 
 
Gantry crane is similar to an overhead crane, except that the bridge for carrying 
the trolley or trolleys is rigidly supported on two or more legs running on fixed rails or 
other runway.   To implement the operation, the crane operator will seat inside the cart, 
and move the cart with the load hanged with it, so that the load can achieve the desired 
location.  A real crane may allow a cart movement of 80 to 90 meters [8], regarding on 
the desired load location.  Figure 1.5 and Figure 1.6 show the illustration of overhead 
crane and gantry crane respectively. 
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Figure 1.5: Overhead crane 
 
 
Figure 1.6: Gantry Crane 
 
 
 
 
1.6 GANTRY CRANE ACCIDENT REPORT 
 
 
For a crane operator, an experience causing by a crane’s accidents can be 
frightening them.  There are many cases and incident regarding on the crane’s accidents.  
For example, in April 1993, the crane becomes unbalanced during two separate incidents 
at DOE sites in United States of America, which is in Hanford Site and Bryan Mound 
Site.  The first incident occurred in 28th april 1993, where a crane becomes unbalanced 
while the boom was being lowered.  The second incident occurred 2 days later, on 30th 
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April 1993, which while loading the load, the weight of the load caused the crane to tip 
forward [1].  From these incidents, guidelines have been suggested in using the cranes. 
Some of the guidelines are: 
 
(i) the weight of load must be checked. 
(ii) crane operations should be supervised by qualified personnel. 
(iii) crane operators must be familiar with their equipment. 
(iv) crane operators must be trained and qualified to operate their equipment. 
 
Although the guidelines have been sketched in order to prevent the accident, the 
other factors also must be considered so that the probability of accidents occurs is small 
or reduced at an acceptable value.  There are many factors that have to be considered 
such as the braking systems, hydraulic and pneumatic components, electrical equipment, 
operational aids, operating mechanisms, lifting devices, determining load weight, 
recognizing immediate and potential hazards, control systems and others.  In term of 
control systems, the important issue is how to control the load swing.  This is important 
in order to have a faster operation while maintaining the safety. 
 
In 14th January 2004 at approximately 1300 hours, a sling of dunnage, a cargo 
spreader and pulley frame that were attached to the No. 2 after gantry crane on Tasman 
Independence fell from their suspended position onto the quay.  There was damage to 
the crane, cargo gear equipment and the quay. Figure 1.7 shows pictures about the 
accident. 
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Figure 1.7: Gantry crane’s accident 
 
 
 
 
1.7  NEED FOR THE STUDY 
 
 
From the previous works, it seems that most researchers have given a lot of 
efforts in developing a control algorithms and designing controllers that can be used and 
realized in nature.  This includes the study related on how to reduce the vibration, 
especially in crane, where the controllers that been designed are mostly to control the 
load swing.  Since this is relatively simple and well defined problem in dynamics and 
control, it is surprising that, it has not been solved exactly, where an exact solution is 
here understood to be a control strategy that guarantees complete success in a finite time.  
Most of the crane controllers that have been developed until now have been far from 
satisfactory.  Once tested in actual operation, there found to be ineffective and thus were 
left unused.  This may due to the standard control feedback strategies that are not well 
suited to this problem.  Therefore, the problem of controller synthesis for a crane is still 
under consideration. 
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Regarding on this matter, in this study, it seems interesting if multiple point of 
view can be taken in modeling the crane.  For this purpose, gantry crane has been  
chosen in order to achieve the aim.  This will involves in determining the relation 
between the cart’ mass, load’s mass and the load swing, in order to looking after the 
effect of the cart and load’s mass to the load oscillation.  Because the operation of the 
gantry crane is related with the movement of the cart and load, the effect that cause a 
vibration will be, whether from the acceleration that been applied at the cart, or the load 
and cart’s inertia that been exists because the movement of these objects. 
 
 
 
 
1.8 ADVANTAGES OF GANTRY CRANE 
 
  
 There are several advantages of a gantry crane such as: 
 
(i) It has mechanical advantage to move loads beyond the normal capability 
of a human 
(ii) It can be used both to lift and lower materials and to move them 
regarding to the type of crane 
(iii) It provides effective way to transfer load (faster and easier) 
 
 
 
 
 
 
 
 
 
